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The present invention oonoams air or gas fifed 
mkroca peU ee or microbaOoone endoeed by an 
organic polymer envelope which can be dispersed or 
suspended In squeoua media and usedh this form far 
oral, rectal and urethral application or for Injection 
Into flvfno beings, for Instance far the purpose of 
^nsaonlo echography and other medical sppfi. 

Tha Invention slso oomprlaaa a method far mafc- 
Ing said microbeloons in the dry state, the latter being 
inatantiy dispersive In an aqueous Squid carrier to 
gfre auapenslons with improved propartiea over exist- 
ing stmfiar products. Hence, suspensions of the 
mlcrobafloone bi a carrier liquid ready for adminis- 
tration are also part of the invention. 

It is wefl known that micro bodies or microglobuies 
of air or a gas, a.g. microspheres like micro bubbles or 
mteroballoona, suspended in a liquid are 
exceptionally efficient ultrasound reflectors for 
echography. In this disclosure the term of "microbub- 20 
We-specWcafly designates ar or gaa microspheres In 
suspension in a carrier liquid which general y result 
from the introduction therein of air or a gaa ki divided 
form, the liquid preferably also containing surfactants 
or tsmidee to control the turfsce properties snd the 2$ 
etaMHy of the bubbles. In the microbubblee, the gaa 
to liquid Interface essentiafty comprises loosely bound 
moiecuJea of tha carrier liquid. The term of ■mlcrocap- 
a«ia* or ^nlcrobafloon* designates preferably air or 
gaa bodies with a material boundary or envelope of so 
molecules other than that of the carrier liquid. La. a 
p ofyrrw^ membrane wal. Both microbubUes and 
miaubeJloons are useful as ultrasonic contrast 
agents. For instance injecting into the bloodstream of 
riving bodies suspensions of gaa microbubblee or u 
microbefloons fm the range of 0.5 to 10 urn) ins carrier 
liquid wi strongly reinforce ultrasonic echography 
imaging, thua aiding si the visualization of internal 
organs. Imaging of vassets and Internal organs can 
strongly help in medical diagnosis* far Instance for the 40 

The formation of suspensions of rrscrobubbiee In 
an I r^ We f tquld ca r rier suitable far echography can 
be produced by the reiaase of a gaa dissolved under 
praam m this Squid, or by a chemical reaction 
generating gaseous products, or by admixing wfth the 
liquid soluble or insoluble solids containing efr or gas 
trapped or adsorbed therein. 

Fbr Instance. In USA4<446,442 (Schertog), 
there are disclosed s series of different tschniquea for 
proAidng suspensions of gaa rnfcrobubbleafaasteri* 
Ibad injectable liquid carrier using (a) a solution of a 
tanslde (surfactant) in a carrier liquid (aqueous) and 
(b) a solution of a viscosity enhancer aa stabifeer.For 
generating the bubbles, the techniques olsdoaed 
there Include farcing at high velocity a mixture of (a), 
(b) and at through a smal aperture; or Injecting (a) 
into (b) shortly before use together with a physJdogi- 



cafTy acceptable gaa; or adding an add to (a) and a 
c * rton * tB to (b), both components being mixed 
together *jst before use and tha add reacting with tha 
. carbonate to generate CO, bubbles; or adding an 
* Qver-pressurteed gas to s mixture of (s) snd (b) under 
storage, said gaa being released into microbubblee at 
tha time when the mixture is used far injection 

One problem with microbubbiee la that they are 
generaly shortlived even in the presence of stabfe. 
10 era. Thua. In (Schering), there is dfe- 

doaed the preparation of mlcrobubble suspensions in 
which a stabltzad Injectable carrier liquid, e^ a 
physiological aqueous solution of salt ore sdution of 
a sugar (Oca mdtooe, dextrose, lactose or galactose, 
is mixed wfthsdid micropartidee (In tha ai to 1 pm 
range) of the same sugars containing entrapped sr. 
In order to develop the suspension of bubbles in the 
liquid carrier, both liquid and solid components are 
agitated together under starts conditions for a few 
seconds and, once made, the suspension must then 
be used hvnecfiatefy, La. ft should be injected wttMn 
5-10 minutes for echographic measurements; Indeed, 
because the bubbles are evanescent, tha concen- 
tration thereof becomes too low for being practical 
after that period. 

Another problem with microbubbiee far 
echography after injection Is ate. Aa commonly 
admitted, microbubblea of useful size far allowing 
easy transfer through small blood vessels range from 
about 0 J to 10 urn; with larger bubbles, there are risks 
of dots and consecutive embofy. For fcistance, in the 
bubble suspensions disclosed In USA 1,440.443 
(Schering) In which aqueoua sdutions of surfactants 
such aa lecithin, esters and ethers of fatty adda and 
fatty aicohda with poryoxyethylene and pdyoxyethy- 
teto *P*y*» eorbftd, glycols and glycerol, 
chdeateroi. or pofyoxy-eu^ytenepofyoxypropylena 
pdymera, are vigorously shaken wfth sdutions of vis- 
cosity raising and stabler* compounda such aa 
mono- and pdysaocharidaa (glucose, lactose, suc- 
rose, dexftan, sorbitol); pdyois, e^g. glyoerd, pofyg. 
r/cds; and pdypeptidaa Ilea proteha, gelatin, 
©xypdygeiatin «nd plasma protein, only about 50% of 
the microbubblee are below 40-60 urn makee 
48 aud^s^snsions unauftable in many echographic 

In contrast microcapsules or mterobaJoons have 
bean developed in an attempt to cum some or tha 
foregoing defldendoa. Aa said before, whla tha 
so nrteobubbleaonlyhMajiirn^ 

envelope, Le. they are only surrounded by s wal of , 
Oo^whoaa surface tension is being modified by the 
presence of s surfactant, the mkrobaUoons or rnJcro- 

« five matarid other man tha carrier fteeJf, a.g. a 
Pdymeric membrane wfth detmfte mechanical 
etrength. In other terms, they are micro sp here s of 
sdid matarid hi which the air or gas is more or leaa 
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tightiy encapsulated. 

For ^stance, USA-4,278,885 (TTckner et el.) dts- 
dOM using surface membrane microcapsules con- 
taining a gas for enhancing ultrasonic images, the 
membrane Including a multiplicity of non-toxic end $ 
non-antigenlc organic molecules. In a disclosed 
embodiment these mJcrobubblss have a geialln 
membrane which resists coal es cence and their pre* 
tared else Is 6-10 urn. The membrane of these micro* 
bubbles Is said to be sufficiently stable for mating 10 
ecnogwphle measurements; how ev er It is aJao said 
that after a period of time the gas entrapped therein 
wfl disserve In the blcod-etrearn and the bubbles wfl 
gradually disappear, this being probably due to slow 
dissolution of the gelatin. Before use, the microcap- 1$ 
suJes are kept In gelatin solutions In which they are 
storage stable, but the gelatin needs to be heated and 
melted to become liquid at the time the suspension Is 
used for making injection. 

Microspheres of Improved storage stabflfty 20 
although wthout gelatin are disclosed In US-A- 
4,718,433 (Felnstsln). These microspheres are made 
by sonication (5 to 30 RHz) of viscous protein solu- 
tions lilce 5% serum albumin and have diameters In 
the 2-20 urn range, malnJy-2-4 um. The microspheres 25 
era stabltzsd by denaturation of the membrane form- 
ing protein after sonication, for instance by using heat 
or by chemical means, e.g. by r eact ion with formal- 
dehyde or glutaraJdehyda. The concentration of 
stable mlcrosphsree obtained by this technique is jo 
said to be about 8 x AWni In the 2-4 um range, about 
10¥rnllnthe 4-6 um range and less than 5x10* In the 
8-6 um range. The stabflfty tfeme of these micros- 
pheres is said to be 48 hrs or longer and they perm* 
convenient left heart imaging after Intravenous tnjeo- ss 
tion. For Instance, the sonicated albumin rnlcrobub- 
bies when Injected Into s peripheral vein are capable 
of bansptsmonary passage. This results in echocar- 
dbgraphic opacification of the left ventricle cavty as 
well aa myocardial tissues, 40 

Rsoertfly stfl further Improved micro balloons for 
Injection urtrasoruc echography have been reported In 
EP-A424.898 (WUder). In this document there ere 
disclosed high concentrations (mora than 10*) or sir- 
fined protss>bounded microspheres of less than 10 4$ 
um which hav e n ro-dmos of several months or more. 
Aqueous suspensions of these mlcroc^Doonssrepro- 
duced by ultrasonic cavftation of solutions of denatur- 
able proteins, e.g* human serum albumin, which 
operation aJao leads to a degree of foaming of the so 
membrane-fofmJng protein end As subsequent her* 
dening by host. Other proteins such ae hemoglobin 
and collagen are said to be convenient also, 

Stffl more recently MA VVhsaflsy stain Blomala. 
rials 11 (1990), 713-717, have reported the preps- a 
rsnon or poiymer-cosieo mtcrospneres oy 101 mu upas 
gelation of alginate. The reference m enti o n s several 



case an alginate solution was forced through e needs 
in an air }et which produced a spray of nascent air ftV 
led capsules which were hardened in a bath of 1.2% 
aqueous CeO* In a second case Invofvtng co-extru- 
sion of gas end liquid, gee bubbles were Introduced 
Into nascent capsules by means of s trtpie-bareled 
head. Le. air waa Injected Into a central capillary tube 
whlo an alginate solution was forced through a larger 
tube arranged coaxiaOy with the capltary tube, end 
staffs as* was Down around It through a mande sur- 
rounding the second tube. Also In s third case, ges 
waa trapped In the alginate solution before spraying 
efther by using s homogeneizeror by sonication. The 
microbaUoons thua obtained had diameters In the 
range 30-100 um, however stfl oversized for eaafy 
passing through lung cspfflaries, 

The high storage stabflfty of the suspensions of 
microballoona disclosed In EP-A-324.938 enables 
thsm to be marketed as such, Ls. wfth the Uquid carrier 
phase, which is s strong commercial asset since pre- 
paration before use Is no longer necessary. However, 
the protein material used In this document may cause 
allergenic reactions wtth sensitive patients and, 
moreover, the extreme strength and stabltty of the 
membrane material has some drawbacks: for Inst- 
ance, b e caus e of their rigidity, the membranes cannot 
sustain sudden pressure variations to which the 
microspheres can be subjected, for Instance during 
travel through the Wood-stream, these vartationa of 
pressure being due to heart pulsations. Thus, under 
practical ultrasonic testa, a p r op ortion of the micros- 
pheres wfl be ruptured which makes imaging repro- 
dudbflfty awkward; also, these rrdcrobeJoons ere not 
suitable for oral application es they wfl not resist the 
digestive enzymes present In the gastrointestinal 
tract Moreover, it la known that rnterospheres wtth' 
flexible waJa are mora echogonte than corre sp onding 
microspheres wtth rigid wade. 

Furthermore, in the case of injections, excessive 
stsbtty of ths material forming the wafts of the micro- 
spheres wfl slow down its Nodegredation by the 
organism under test and may result Into metabofl- 
zation problems. Hence it Is much preferable to 
develop pressure sustaining microbaOoons bounded 
byasoftajxjdastfcmerr&ranovmk^ 
deform under variations of pressure end e ndowed 
with enhanced echogenicity; also ft might be 
visualized that rnicro-baflocne wfth cortrolabia 
biodegradabflfty, for Instance made of semJ-permev 
sole biodegradable polymers wfth controfled micro- 
porosity for allowing alow penetration of biological 
liquids, would be highly advantageous, 

These desirable features) have now been 
achieved wtth the microbaOoons of the present Inven- 
tion as defined In dalma 1 and 2, and subsequent 
dakna. Moreover, although the present n ikro sp here e 
can generally be mads relatively shorWIved, Le. sue- 
ceptWetobtodegradatlc*to»pe 
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mctaboflzrion probieme by using selected types of 
polymers, this feature (which Is actually controlled by 
the fabrication parameters) Is not s oommardaJ draw- 
back b e caus e either the mJorobsOoons can be stored 
and shipped dry, a condition in which they are stable $ 
bideJVifiafy, or the membrane can be made substan- 
tially impervious to the carrier liquid, degradation 
starting to occur only after Injection. In the first cite, 
the fnlorobeloona supplied In dry powder form are 
simply admixed wth a pr op o rti on of an aqueous 10 
phase carrier before use, this proportion being eeJoo* 
tad depending on (ha needs. Note that this is an 
addition al advantage over the prior ait products 
because the concentration can be chosen at will and 
mttaJ values far exceeding the aforemen ti oned 13 
1 Wtri, La. In the range 1 0* to 1 0" are readily acoaas- 
Ibta. ttahouid be noted that the method of the inven- 
tion (to be disclosed hereafter) enables to control 
porosity to e wide extent; hence microbailoona with a 
aubetanflaJly Impervious membrane can be made 20 
easiy which are stable In the form of suspensions In 
aqueous liquids snd which can be marketed as such 

Microspheres wfth membranes of JnterfadaBy 
deposited polymers es defined in daim 1, although In 25 
the state where they are fined wfth liquid, are wefl 
known In the art They may normaly result from the 
emisIRcatSon Into droplets (the size of which Is con* 
tradable In function to the ernufsificatlon parameters) 
of a first aqueous phase In an organic solution of 30 
polymer followed by dispersion of this emulsion into a 
second water phase and subsequent evaporation of 
the organic advent During evaporation of the votatle 
solvent the polymer deposits interfecialty at the drop- 
lets boundary and forma a microporous membrane 3$ 
which efficiently bounds the encapsulated first 
aq ue o us phase) from the surrounding second 
aqueous phase. This technique, although possible, is 
not preferred in the present Invention 

Attemo*vafr.orternayon*^ 46 
m hydrophobic phase) In an aqueous phase (usualy 
contalning^vtecoeay Increasing agents aa emulsion 
atabfizm) thus obtaining an oWn-water type emut- 
alon of droplets of the hydrophobic phase and there- 
after adding thereto a membrane forming polymer 48 
da solved In a volatSe organic solvent not rarsribls 
wShthe.'iueoue phase). 

If the polymer la Insoluble in the hydrophobic 
phase* t w« dapoat mterfedaffy at the boundary be- 
tween the droplets and me aqueous phase. Other- so 
wlee,evaporatkmofthevolatleaorye^twfl 
formation of said tntarfadafty deposited membrane 
around the droplets of the emulsfled hydrophobic 
phase* Subeeojuent evaporation of the encapsulated 
votatle hydr op h ob ic phase provides water flBed m 
r n ic r oap h eras surrounded by tnterfaciaOy deposited 
pofymer membranes. This technique which is advan- 
tageously used si the present Invention is disclosed 



by K. Uno at at In J. Microencapsulation 1 (1 884), 3*8 
and K. Maxtno at at, Cham. Pharm. Bull 33 (1064), 
1195-1201. Aa said before, the size of the droplets 
can be controlled by changing the erruUfficatton par* 
•meters, Le. nature of emuJsiher (more effective the 
surfactant Le. the larger the hydro phlic to iipophlfc 
balance, the smafier the droplets) and the stirring con- 
ditions (faster and more energetic the agitation, the 
smaller the droplets). 

In another variant the intarfadaf wU forming 
polymer is dssofved In the starting hydrophobe 
phase Itself: the latter is emulsified into droplets In the 
equeous phase and the membrane around the drop- 
lets wal form upon subsequent evaporation of this 
encapsulated hydrophobic phase. An example of (his 
is reported byJ.R. Famand at at. Powder Technology 
22 (1978), 1 1-16 who emulsify a solution of polymer 
(e.g. polyethylene) In naphthalene in boHlng water, 
then after cooling they recover the naphthalene in the 
form of a suspension of polymer bounded mlcrobesds 
In cold water and, finally, they remove the 
naphthalene by subjecting the mlcrobeada to subo- 
rnation, whereby 25 um rrdcrobaJoons are produced. 
Other examples exist In which a polymer is dissolved 
In e mixed hydrophobic phase comprising a volatile 
hydrophobic organic servant and a .water-eolubie 
organic solvent then this polymer solution Is emul- 
sified in a water phase containing an emulaeler, 
whereby the water-soluble solvent disperses into the 
water phase, thus aiding in the formation of the emul- 
sion of microdropiets of the hydrophobic phase and 
causing the polymer to precipitate at the interface; this 
la disclosed In EP-A-274361 (K Fessl). 

The aforementioned techniques can be adapted 
to the preparation of air or gaa filed micro balloons 
suited for ultrasonic imaging p ro vi d ed that approp- 
riate condMons are found to oorttrol sp here size in the 
desired ranges, caO-waU permeability or irnpervJoue- 
nass and replacement of the encapsulated liquid 
phase by air or a selected gaa. Control of overs! 
sphere size Is obviously important to adapt the micro- 
bailoona to use purposes), Le, injection or oral intake. 
The size conditions for injection (about 0*5 - 10 um 
average size) have been discussed previously. For 
oral application, the range can be much wider, being 
consioereo ma* ecrtogentcoy vi creases wnn save; 
hence rnlcrobaloone in several etzo ran gee between 
say 1 and 1000 um can be used depending on the 
neede and provided the membrane la elastic enough 
not to break during treneft in the stomach and Intee- 
tme. Control of ceO-wafl permeabffty la important to 
ensure that Infiltration by the Injectable aqueous car- 
rier phase h absent or slow enough not to Impair the 
echograprdc measuremente but in cases, stl aub- 

■ . - j| -* Ihk 1 ■ I ■ tl i ■ li 1 / m. mi mtt 11 * — > Mr> ftm ft 

ecaiiuai 00 ensure reteuvery res* arcar<aex Diooog 
radabity, La. ready metaboitzatkw of trie suspension 
by the organism. Also the mlcroporous structure of the 
rnicrobefloons envelope (pores of a few nm to s few 
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hundreds of nm or mori for microballoons envelop* 
of thickness ranging from 50-500 nm) Is a fsctorof 
resfiency, Le. the microspheres can msdly scotpt 
pressure wtetfons without breaking. Tha prafarrad 
fangs of dots sizes Is about 50-2000 nm. 5 

ThecondBonsfor achieving thaaa rasults ara mat 
byuamgthernethod olodooed In daima 17, 18 and 
aubeeojuent daJme. 

Ona factor which enables to oontrol tha parmaaM- 
my of tha miorobaOoona mambrana ia tha rata of 1 o 
evaporation of the hydrophobic phase relative to that 
of water in step (4) of the method of daim 17. e* 
under condttone of freeze drying which Is the case of 
the embodtment recited In daim 20. For Instance If tha 
evaporation is carried out between about -40 and O^C, 16 
and hsxane is used aa tha hydrophobic phase, polys- 
tyrene being the interfadafly deposited polymer, 
beads with relatively large pores are obtained; this Is 
so because the vapour pressure of tha hydrocarbon 
In tha chosen temperature range Is significantly gre- 20 
star than mat of water, which mesne that the pressure 
difference between the Inside end outside of the 
spheres wfl tend to Increase the size of the pores In 
the spheres membrane through which the Inside ma- 
terial wffl be evaporated, ffi contrast using cydooo- 25 
tana aa the hydrophobic phase (at >17*C the vapour 
pressure Is the same aa that of water) wfl provide 
beads wih very tiny pores because the difference of 
pressures between tha inside and outside of the 
spneree oumg evaporation ■ minimoseou 90 

uepenomg on oegree or poroeicy me miorooai 
toone of this invention can be made stable in en 
aquaoua carriertrom aeveral home to several monthe 
end give reproducible sonographic eignafa lor e long 
period of time. ActuaBy, depending on the polymer is 
selected, the membrane of the microbe! toons can be 
made aubstantfafly impervious when suspended In 
carrier Ootids of appropriate oemofJc properties, La. 
con t ain ing soiutss In a p propr iate concentratlona. It 
should be noted that the existsnoo of micropores in 40 
ins mwwu^m or me rrscroDa u oons or «ne preeenx 
Invention appeara to be also related wfth the 
ediognghte: fssponea, Leu el other factors being 
coratant m icroporo u ave sld os provide more efficient 
ocfaogmpMo algnai than corr esp onding noo-poroua 48 
vailrieo. The reason is not known but ft can be post- 
ulated that whan a gaa la In resonance In e doeed 
structure, the damping propertieo of the iattsr may be 
dKarant 1 1 la porous or non-poroua. 

Other non water s o lub le organic solvents which so 
have a vapour p r e ssur e of the seme order of mag* 
nflude b etween about -40*C and 0*C are conve ni e nt 

- - ihiinhntiin ■ i ill ii iila m tti I ■ ■ - — - - 

aa nyofopnooK sorverna m uus nvanoon. Tneee 
Include hydrocarbons such as for Instance n-octane, 
cydooctane, the dlmethytcydohexanae, ethyt«yo» m 
lonaxana, 2% 3- and 4-methyMieptane, 3-ethyi- 
hexsna, toluene, xylene, 2Hnethyt-2-heptana v 
2J2A3-«ramethy1butane and the Ilka. Estate audi 



as propyl and iaopropyi butyrate and ieobutyrate, bu* 
tyMormato and the ilka, are eleo convenient In this 
range. Another edvantsge of freeze drying ie to open- 
ate under reduced pressure of e gaa instead of at, 
whereby gaa (Bled micro balloons wfl result 
Physiologically a ccept abl e gaaae such aa CO* NjO, 
methane, Freon, helium end other rare geaee are 

possible. Gaaea with radioactive tracer acbVtycanbe 

_ m _ » _ ,1,1, j 
contempt ate o. 

As the voistfte eofvent insoluble in watar to be 
used for dissolving the polymer to be predptatad 
Interfadally, one can dte hdo-oornpounde such ee 
CO* CHjBr, CH^O* chloroform, Freon, low boilng 
esters such aa methyl, ethyl and propyl acetate ea 
well as lower ethers and ketones of low watar solubi- 
lity. When solvents not totally Inaduble in water ara 
used, e,g* dlethyl-ether, it Is sdvantageoua to use, aa 
the aqueous phase, e water solution saturated with 
said solvent beforehand. 

The aqueoue phaae in which tha hydrophobic 
phase is emulated as sn oi-ln-watsr emdaion pref- 
erably contains 1-20% by weight of wstsr-edubJs 
hydrophlic compounds tike sugars and polymere aa 
stackers, e.g. polyvinyl sJcohd (PVA), polyvinyl pyr- 
rol Idone (PVP). polyethylene glycol (PEG), gelatin, 
pdyglutamlc add, albumin, end polysaccharides 
such ea starch, dextran, agar, xanthan and the Oka. 
Slmflar aquaoua phases can be used as the carrier 
liquid In which the microbaloons ere suspended bef- 
ore use. 

Pert of this wa t o r -adufafo polymer can remain In 
the envelope of the microballoone or it can be 
removed by washing the b ea de before subjecting 
them to final evaporation of the encapeule t ed 
hydrophobic core phase. 

' The emuismsrs to be used (0.1*5% by weight) to 
provide the oWn-watar emulsion of the hydrophobic 
phaae in the aquaoua phaae Indude most physidogi- 
cally acceptable emdsiftsrs, for Instance egg lecflhln 
or eoye bean ledthin, or synthetic Isc&hfns such ss 
saiureieo synmeoc lecnruns, tot example, osnynsuyi 
phosphatidyl chdine, dipalmtoyJ phosphatidyl 
chdine or cSstsaroyf phosphatidyl chdine or uneatu* 
rated synthetic ledthina, euch ea dideyi phoephstidyi 
chdine or dlinoieyi phoephstidyi chdine. EmuJsMsia 
siso include surfactants such as free fatty adde, 
esters of fatty adda with poryoxydkyiene compounds 
Ike poryoxypropyiene gryed end poryoxyethylene 
glycol; ethers of fatty dconola wflh poryoxyefcyfene 
glycols; esters of fatty adda with pofyaxydkyiatod 

cerd-poryvryethylena ridndaate; homo- and 
copolymers of pefyaAytena gryede: pofyathoxylated 
eoye-dl and castor ol ae wad aa hydrogertatsd derl- 
vattvea; ethera and estsra of sucrose or other car- 
bohydrates wBh fstty edde. fatty dcohda, these 
being optionally poryoxyafkytatod; mono-, o^ end trig- 
rycerldee of saturated or unsaturated fstty adda; 
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gfycarides or soya-ol and sucrose 

The oofymor which constitutes ths snvdope or 
bounding msmbrsns of the injectable mkrobaOoons 
canboeelected from most hydrophllc, biodegradable 
phyaiologieafly compatible polymers, Among such s 
pdymera one can efts polysaccharides of low wafer 
edubfty. pdytectUss and pdygtyodidee and thsir 
copolymers, oopdymare of Isctidss and lactones 
audi as s*csproiaotDna. **aleralactona» polypsp- 
fldaa v atidpraCaImsuchasos(atin.oolaQafi,globi«ns 10 
and sftumkia. Tha great varsatlfcy In the selection of 
eyntheoc polymers Is another sdvantaga of the pre> 
sent Invention since, aa with aflergie patients, one 
may wish to avoid using microbelloono made of 
natural proteins (albumin, geistin) fflcs in US-A- is 
4.278.880 or EP-A-324.938. Other suitable polymers 
Include pdy-{artho)esters (see for instance US-A- 
44)93.709; USA-4, 13 1.648; US-A-i, 138,344; US-A- 
4.180,646); pdyJactfc and pdyglycdic add and the* 
copolymers, for Instance 0EXON (see J. Heller, 20 
Btornatsrids ± (1980), 51; pdy(DUact)de<o*<ap- 
rdactone), pdy(DL-fectide-co4-valefoiactone) t po- 
ly{OlAclideHco-g^iityi^ 

latea; polyamidee, polyhydroxybutytate; pdydtoxe- 
none po*r0-aminofcetonee (Polymer 23 (1982). 28 
1893); potyphoephazenes (Sdanoe ISO (1976). 
1214); and pdyanhydrides. References on Mode*, 
radafale pdymers can be found in R. Langer at d„ 
MaoromoL Cham, Phya. C23 (1983), 61-126. Pdye- 
mino-acida such as pdyghjtamic and pdyaeparite jo 
adds can also be used as wal as th sir derivatives. La. 
partial esters win lower aicohoU or glycols. One use- 
ful example of such polymers is pdy^Lbutyi-ghjta- 
mate). Copolymers with other smfco-adds such ae 
methionine, leucine, valine, proline, gfydne. etamine, $5 
eta era also possUe. Recently some novel deriva- 
tives of pdyglutamic and pdyaspertfc edd wth con- 
traded bkxJecradabfty have been reported (ese 
WO87/03891; US 4388.398 end EP-1 30.938 Incorw 
poratad hare by reference). Theee polymers (and <* 
copolymer s wiwoftaramino^dds) have formulas of 
the foQowtrrQ types 

^NHOfACQJyfNH-CHyvCO)^ 
where X designates tha side chain of an amino-edd 
nMkteandAisa^roupoffomiuia^a^COOR 1 Rt 4$ 
OCORfll). wim R* end R* being H or lower aikyta, and 
R being sttyi or aryt; or R and R 1 ere connected 
together by e substituted or un substituted linking 
member to provide 6- or 6- memberad rings. 

A can aieo mpressnt groups of formulae: so 
-(CH^COOOWCOOR (I) 

(CHJpCOOM (IN) 
and con^spcmdlng anhydride* In afl these formulae a 
rum and pars lower Integers (not exceeding 5) and 
x and y are also Integers selected for having molecu- 
lar weights not below 5000. 



The aforementioned pofymera are suitable for 
making the microbefloons according to the Invention 
and, depending on the nature of eubstftuent* R, R', rj 

sr>dX,thepropertieeofmen»mbraneceiibacomio^ 
led. for Instance, strength, elasticity and btodeg- 
radablty. For instance X can be methyl (alanine), 
Isopropyi (vafhe), isobutyl (leucine and Isdeudne), 
benzyl (phenylalanine). 

Addfflves can be Incorpor at ed Into the polymer 
wal of the mlcrobafloone to modtfy the physical 
properties such as dspersMlty, etaatfcfty and water 
permeeblfty. For incorporation in the polymer, the 
additives can be dissolved in tha polymer carrying 
phase. 6.0. the hydrophobic phase to be smuistfiod In 
the water phase, whereby they wil oo-predpltatewfth 
the polymer during tnter-fadd membrmne formation. 

Among the useful additives, one may dte com- 
pounds which can Tiydrophobfee* the micmbailoone 
membrane In order to decrease water permeablity, 
such aa fata, waxee end high mdecuiar-weJght hyd- 
rocarbons. Additives which Improve dispersibflty of 
the rnicrobalioono in tha Injectable liquid-carrier era 
smphtpatic compounds (Oca the phospholipids; they 
also Increase water permeablity and rate of btodeg- 
radabnty. 

Nonbiodegradable pdymera for making micro- 
baliooratobeue^lnthed^gee^tmclcanbee^eCK 
ted from moat wateMneduble. phyeJdogicaSy 
acceptable, bforedetant pdymera Inducing pdyde- 
fins (polystyrene), acryflc mains (pdyeaytataa. 
pdyacryfonftrteX pdyeetera (polycarbonate), 
pdyurethanea, pdyurae and their copolymers. ABS 
(acryMiutadieneslyiene) Is a preferred copdymer. 

Additives which Increase membrane eiastictyam 
the ptastidzers like isopropyi myristate and the Ike. 
Also, very useful additive* are constituted by pdynv 
ers ekin to that of the membrane Itself but with rela- 
tively low mdecutar weight. For instance when using 
a gd y mors of pofytectfc/pdygfyooac type ee tha 
membrane fanning material, tha properties of the 
membrane can be modified advantageously (enh- 
anced softness and btodcgradablfty) by Incorporate 
Ing, aa additive*, low mdecUar weight (1000 to 
15,000 Dafton) pdygtycofldee or pdylactidee. Also 
pdyethyfene flayed of moderate to low M»(e*.PEQ 
2000) Is e useful softening addttve. 

The quantity of additive* to be incorporated in the 
polymer forming the t nt o Mada fly deposited mem* 
bramofthopraao nt mtcrobdloonefra^ 
able and depends on the needs. In some cases no 
addbVa is used at ell; In other cases amounts of add)- 
tivee which may reach about 20% by weight of tha 
polymer era posettew 

The Injectable mJcrobaOoona of the present 
Invention can be stored dry In the presence or In the 
absence of additive* to Improve conservation and 
prevent coalescence. Aa additive*, one may select 
from 0.1 to 25% by weight of watar-eduble physidogK 
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cafly acceptable compounds such as mannHot, galao- 
toae, lactose or sucrose or hydrophlic pdymere like 
dextran, xanthan, agar, starch, PVP, potygtutarnJe 
add, pdyvlriylataohd (PVA), albumin and gdedn. 
Tha uaefuJ IBe-time of the mlcrobaflooru In the injec*- f 
aisle OajuSd caniar phaae. La. the parted during which 
uaaMachogr^)hteaig7talssnobsarvad f canbecorv 
troOad to taat from a few mlnutee to several months 
dspaorflng on tha needs; this can ba dona by control 
Bny tha porosity of tha mambrana from substantial 10 

having poras of a faw nanomatam to several hun- 
dredo of nanometers. This degree of porosity canba 
controOadL bi add Won to property selecting the men> 
brana farming polymer and polymer sddWvea, by 18 
adjusting tha evaporation rata and temperature In 
step (4) of the method of dakn 17 and property select- 
ing the nature 'of the compound (or mixture of corn- 
pounds) constituting the hydrophobic phase, Le. the 
greater the dHnwe n ceo In la partial presaure of 20 
evaporation wth that of tha water phase, the coarser 
the poras in the microbaloone membrane wO be. Of 
couree, this control by selection of the hydrophobic 
phase can be further refined by the choice of stablb> 
era and by adjusting the concentration thereof bi order 25 
to control the rate of water evaporation during the 
forming of the mfcrobafloona. All these changes can 
easty be made by exiled ones without e x erci zin g 
inventiveness and need not be further discussed. 

ttahould be remarked that although the microbe! 30 
toons of this invention can be marketed in the dry 
state, more particulariy when they are designed wth 
alirTKtodlfetimsafterirtiecti^ 
also sei ready preparations^ La. suspensions of 
rnicrobafloona in an aqueous liquid carrier ready for ss 
injeczjon or orai auJTuntsreuon. 1 rns requsee max me 
membrane of the nacrobatoona be substantiaty 
impervious (at least tor ssveraf monthe or more) to the 
carrier Dqukl tt has been shown in this description that 
such condlSons can be easty achieved with the pre- 40 
ears mem oo uj property eeiecong me nature or me 

1 1 ft mii ' ri I - i - m - j -* — - 

poryrnar ana aw ■seueuai oepoesion parameaea* 
Acruavy^paramaBva nave oeen rouno nor runance 
using the pcfypjutamlc poryrnar (where A Is the group 
of fdrmuie 11) and cydooctane as the hydrophobic 49 
phaae) audi that the poroarty of the membrane after 
evaporation of the hydrophobic phaae Is ao tanuoue 
that the ireorooaloofai are aubstantiafly Impervious to 
the aqueous carrier liquid in which they are suspen 
(ted. SO 

prerarreo aomairsuaoie praporaaon ror cuap* 
noaflc purpceee compriaee a suspension in buffered 
or unbuffered saOne (0*9% aqueous NeC$ buffer 10 
mM trfe-HO) containing 10MO» vaaideaArl TMa 
can be pr ep ared mainly according to the directions of 0 
the Examples below, preferably Examples 3 and 4, 
uaing po fy ( D L4sc tl d e) polymers from the Company 
Dcoh/inger, IngeChearv Germany* 



The following Examples Hustrals the invention 
practically. 

Example 1 

Onegnmofpofystyrenewaadiaaohmdfn19gof 
liquid naphthalene at 10OTX This naphthalene solu- 
tion was emulsified at 90WC Into 200 rd of e water 
solution of polyvinyl alcohol (PVA) (4% by weight) 
containing 0.1% of Tween-40 emutsffler. The emul- 
sifying head was a Pdytroo PT-3000 at about 10,000 
rpm. Then the emulsion wee dtutad under agitation 
with 500 ml of the same aqueous phaae at 15*C 
whereby the naphthalene droplets solidified Into 
beads of less than 50 ton as ascertained by passing 
through a 50 urn mean screen. The suspension waa 
centrirugated under 1000 g and the beads wars 
washed with water and recentrifu gated. This step waa 
repeated twice. 

The beads were reeuapended In 100 ml of water 
with 0.8 g of dissolved lactose and the suspension 
waa frozen into a block at -30^C. The block waa there- 
after evaporated under about 0-5-2 Torr between 
about -20 and -10*C.Air fried mlcfobelloone of aver- 
age size 5-10 |im and controlled poroofty were thue 
obtained which gave an sonographic signal at 2J2S 
and 7.5 MHz after being dispersed In water (3% de- 
persion by weighQ. The stabflty of the microballoone 
in the dry state wee effective for an Indefinite period 
of time; once suspended In en aqueous carrier BqukJ 
the useful IMe-bme for echography waa about 30 mai 
or more. Polystyrene being nrjn^iodegredabta, this 
material was not favored ror injection echography but 
waa useful for dlgeabVe tract brvestigatlona. This 
Example dearly estabilahee the feaaibi»y of the 
method of the Invention* 

Example 2 

A 5030 copdymer mixture (0.3 g) of DUacode 
end giycdide (Ou Pont Medieorb) and 16 mg of egg- 
lecithin were dtasorved in 7,5 ml of CHO, to give eoi- 
utton(1). 

A solution (2) containing 20 mg of paraffin w ax 
(MP. S4-58*C) in 10 ml of cydooctane (MP. 10-13*) 
was prepared and emuisned In 150 ml of e water sol- 
ution (Q.13% by weight) of Ruronic F-108 (a block 
copdymer of ethylene oxide and propylene oxide) 
containing deo 1-2 g of CHO* Emdalrlcaaon wee 
carried out at room temperature for 1 min wfth e PolyV 
ron head at 7000 rpm. Then adubon (1) waa added 
under agftatton (7000 rpm) and, after about 30-60 eec, 
the emddriar head waa replaced by e hefted agitator 
(500 rpm) and etkring was continued for about 3 hra 
at room temperature (22*0). The suspension waa 
paeeed through e 50 urn acreen and frozen toe block 
which wee eubaaquentry evaporated between - 20 and 
0>C under high-vecuum (catching trap -60 to -OTC). 
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Thar* were thus obtained 0.264 g (88*) of air-filed 
micrabaDoone stable In the dry state* 

Suspensions of seJd microbsJloons In water (no 
etabSzers) gave e strong echographfe signal for at 
least one hour. After injection In the organism, they $ 
Modognaded In a few days. 

Example s 

Asohjtionwasfnadsi^ng200rtoftelrahydr^ to 
ran (THF), 0J g of e 50:50 DUactide/glyooJide 
copolymer (Boehrlnger AG), 80 mg of egg-lecithin, 84 
mg of paraffin-wax and 4 mi of octane. This solution 
wee emulsified by adding slowly Into 400 mi of a 0. 1 % 
aqueous solution of PluronJc F-108 under heiicaJ agl- is 
tattoo (500 rj>jn.\ After stirring for 15 mfn. the mflky 
dispersion was evaporated under 10-12 Torr 25*C tn 
e rotavapor untl Its volume was reduced to about 400 
mL The dispersion waa sieved on e 50 pm grating, 
then ft wee frozen to «40*C and freeze-dried under 20 
about 1 Torr. The residue, 1.32 g of very fins powder, 
wee taken with 40 mi of distffled water which provided, 
after 3 mm of manual agitation, a very homogeneous 
dispersion of mJcrobafloon* of average size 4 J urn as 
measured using a particle analyzer (Masterafeer from 28 
Malvern). The concentration of microbafloons (Coul- 
ter Counter) wee about 2 x 1 0VmJ. This suspension 
gave strong echography signals which persisted for 
eboutlhr. 

n to the present example, the eddUves to the x> 
membrane polymer are omitted, Le. there is used only 
800 mg of the lactide/gfyconde copolymer IntheTHF- 
/octane solution, e dramatic decrease In ceO-wafl per* 
meabtty is observed, the echogmphic signal of the 
dispersion in the aqueous carrier not being signffio- u 
antly attenuated after 3 days. 

Using intermediate quantities of addWvee pro- 
vided beads with controlled intermediate porosity and 



Example 4 

There wis ueed In trrfs Example s polymer of for- 
mute defined In data 8 in which the side group has 
formula (U) where W and R 1 are hydrogen and Rle u 
teributyl The preparation of this polymer (defined ee 
poryhPOMEG) is described In USA4.888.398. 

The procedure was like in Example 3, using 0.1 
fipolH>OMEG.70rii'ofTr^ 

100 mlofe 0.1% aqueous eolution of P!uronlcF-10a. so 
No ledthln or hJgtwnolecutar weight hydrocarbon waa 
added. The mBcy emulsion waa ev ap or a ted at 
2r010ToaruntI the residue waa about 100 ml, then 
SwaaecreenedoneSOpmrneshandDtnerLEvapor* 
afion of the frozen block was earned out (0.5-1 Torr) as 
una dry. The yield waa 0*18 g because of the pre- 
sence of the surfactant This was dispersed In 10 ml 
of defied water and counted wfth a Coulter Counter. 



The measured concentration waa found to be 1 ,43 x 
lO^microcapsuiesAni, average size 5.21 iim as deter- 
mined wfth a pertide analyzer (Maatersfcer from Mai- 
vem). The dispersion waa dSuted 100 x. Le. to give 
about 13 x 10? mlcroaphereeAnl and measured for 
echog ente tty.Thearnpmudeofmeechoslgnaiwae5 
times greater at 7 JS MHz than at Z2S MHz. These slg. 
nale were reproducible for along period of time. 

Echogenicity measurements were performed 
wfth e pulee-echo system consisting of a piox&es 
specimen holder (diameter 30 mm) withe 20 pm thick 
Mylar acoustic wir^,e transducer hddersrvnersed 
In e constant temperature water bath, a pUser- 
receiver (Accutron M3010JS) wfth an external pre- 
amplifier with a fixed gain of 40 dB and an internal 
amplifier wfth gain adjustable from -40 to +40 dB and 
interchangeable 13 mm unfocused transducers. A 10 
MHz low-pass filter was inserted in the receiving part 
to improve the signal to noise ratio, The A/D board to 
the IBM PC waa e Sonotek STR 832. Measurements 
were carried out at 225, 3^5, 5 and 7.5 MHz. 

If In the present Example, the polymer used at 
replace* by lactiotactone copolymers, the lactones 
being r -butyrotactone, 6-veJeroJectone or t~caproiac- 
lone (eea FukuzaJd et ai„ J. Biomedical Mater. Res. 
25 (1991). 315-328). sknlar favorable results were 
obtained. Also In s skniar context, poryaJkyicyano- 
acrylatea and particularly e 90:10 copolymer pdy(DL- 
lactWe<ogrycolide) gave satisfactory reeufta. Finally, 
a preferred polymer la a poly(DL-4actlde) from the 
Company Boehrlnger-ingelheim sold under the name 
•Resomer R-206*or Resomer R-207. 

Example s 

Two-dimensional echocardiography waa perfor* 
med uaing an Acuson-128 apparatus with the prepa- 
ration of Example 4 (1.43x 10*/M) in an experimental 
dog following peripheral vein Injection of 0.1-2 ml of 
the dispersion. After normally expected contrast enh- 
ancement bnaglng of the right heart. Interne and pee- 
sistant signal enhancement of the left heart with dear 
outlining of the endocardium wae obeerved, thereby 
containing that the microbaloor»madewtthpoly4'f> 
MEG (or at least e efgnfficant part of them) were able 
to cross the pulmonary capftary circulation and to 
remain In the Wood-stream for e tirrweufWent to per- 
form efficient echographlc anafyaas, 

In another aeries of experiments, persistent enh- 
ancement of the Doppier eigne! from aystamic arteriee 
and the portal vein waa obeerved In the rabbit and In 
the rat following peripheral vein injection of 05-2 mJ 
of a preparation of mfcrobaOoone prepared aa tfe- 
dosed in Example 4 but using poirfDMactfc acid) as 
the polymer p haae. The com p osfcton used contained 
1.9x10*vesidee/rni. 

Another composition prepared also according to 
the directtona of Example 4 was achieved using po» 
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ty(totbuty<-olut»mt8). Thto com portion (05 ml) at 
diution of 3-4x10* microbafloona/ml was injected In 
the portal vain of rata and gave persistant contrast 
enhancement of the Over parenchyma. 

Example 6 

AmfcrobsAooneuspsnsion (1.1 x 10* vesidesAnQ 
wee prepared aa disclosed in Example 1 (reek* • 
polystyrene). One ml of this suspension was (fluted 
with 100 ml of 300 mM mannftol solution and 7 rri of 
the reeutfng diuttan was administered intragastricaly 
to a laboratory rat The animal wss examined with sn 
Acuson-128 apparatus for 2-dimsnsionsJ echography 
imaging of the digestive tract which clearly showed 
the single loops of the smell intestine and of the colon. 



Claims 

1. Microcapsules or microbaOoons of mlcronic or 
submkronte size bounded by a polymer mem* 
brans fined with air or a gas suitable, when in the 
form of suspensions in e liquid carrier, to be 
administered to human or animal patients for 
therapeutic or diagnostic applications, s.g. for the 
purpose of ultrasonic echography knaging, 
chsractarized in that the polymer of the mem- 
brane to a dsfbrmabie and resilient Interfaclaly 
deposited polymer. 

2. Air or gaa fiBed microbaOoons bounded by an 
elastic intariadaf porymsric membrane adapted 
to form with sufcabio physJologiealy scc e pt ab le 
aquaoua carrier Bqulda suspensions to be taken 
oraliy, rectafly and urethral*, or injectable Into liv- 
ing organisms for therapeutic or diagnostic pis> 
poses, characterized In being non-coaJesoentdry 
and Instantly dispersible by admbdng wlh said 
liquid carrier. 

X The rdcrobofloona of dafcne 1 or 2 having size 
mostly tith»0J-10pmrsngs suftabis for tn)so» 
Hon into the Uood-etream of fcVtng beings, charao- 
tartzad in the* the membrane polymer Is 
biodegrad a ble and the membrane to sithsrknper* 
vious or contains pores permeable to biooctrve 
liquids for increasing the rate of blodegiadartotv 

A, The mlcrobeDoone of claim 3, In which the 
polymer membrane has a porosity ranging from a 
few nanomstara to several hundreds or 
thousands of nanomstara, preferably 50-2000 
nrtw 

SL The rdc ro ba fl oona of claim 3, in which the menv 
brane to elastic, has a thidcness of 50-500 ran, 
and r es i sts pressure variations pro duce d by heart 



. beat pulsations in the blood-stream, 

6. The microbaOoons of dsJm 3, \s\ which the 
. polymer of the membrane to e biodegradable 

$ polymer s ele ct e d from poryeaooheridsa. poryssi* 

no-edds, pdytactidee and porygryoofidee end 
their copolymer * , copolymers of tocHdeaandlac* 
tones, polypeptides, po»y-(ortho)estera, 
pdydloxanons, poly^efnino-tetonse, pdyphos- 

10 phazenee, polyanhydrldas and pdy(sftyl- 
cyanoacrytataa). 

7. The microbafloone of daim 3, In which the mem- 
brane polymer to selected from poryglutarftic or 

rs pdyaspartte acid derivative* snd thsir coporym- 
ere with othsr srnino-ecids. 

S. The mferobsUoone of daim 7, in which the poryg- 
lutamic and poryaspartic add derivatives are 
20 selected from esters and amides involving the 
carboxylated side function thereof, said side Amo- 
tions having formulae 

-<CHa).CXK>CHR^COOR (1), 

or 

25 -{CH^COOR'RtO-COR (11), 

or 

^CHj) B CO(NH-CHX^)J^HCH(COOH)- 
(CHiVCOOH m 
in which R to an aJkyi or eryl substitute* W and 
jo R 2 sre H or lower sflcyto, or R snd R 1 srs oonnso- 
ted together by a substituted or unaubettutod 
linking member to form e 5» or 6-^nsmbered ring! 
n to 1 or Z pto 1,2 or 3; mis an integer from 1 to 
5 end X to s side chain of an amfnoadd residue.. 

JS 

9. The micro baOoona of daim 3, in which the msnv 
brane poiymsr oontaina addWvse to control the 
degree of elasticty, end the sba and denefty of 
the pores for permesblity control. 

40 

10. The microbdioons of daim 9, in which aaid add)- 
uvea include pJaatidaers, amphipatlc a ub a tan oaa 
and hydrophobic compounds* 

45 11. ThemicrobaUoonaofdaim10,inwhk*thaplaa- 
ocizsfe tnouoo isopropyi mynsane, gtyosryi 
monostaarata and the Uke to consul flsx Mft y, the 
amphlpatlo substanose Indudo aurfutanta and 
phospholipids lice the letithlne to oorttrd pee* 

as meebltty by in cr easin g porosity end the 
h ydr op h obi c compounds Indudo high molecular 
weight hy dro ca rbon ilea the parafflnwaxaa to 
re du ce por osity . 

SB 12. The microbaOoorw of daim 10, in whtt 

tfves induce pdymsrs of low mdscdar weight, 
gjq. In the range of 1000 to 15.000, to oorttrd soft- 
ness end resfllency of the mlcrobeJoon mam- 
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brans. 

1X Tha mfcrobafloona of dafan 1Z in which the low 
molecular weiQht polymer additives are selected 
from polytactidea, pcJygfycolldes, poiyafcylene $ 
pjwi una poiyeuiyiene giycoi mo pays* 
ropytene glycol, and poiyola Ilea pcfyglycoroi. 

14. Ths mta obo Jta o no oJdaime 1or 2. having ateaup 
to about 1000 um su&abJa for oral, metal and to 
urethral applications, characterized ki (hat tha 
membrane polymer la not biodegradable in tha 
digestive tract and impervious to biological 
liquids. 

13 

18L Tha mfcrobaBoone of daim 14, In which tha 
polymer is selected from poryolefirta, pofyacry- 
lataa, polyecrylonitrfle, non-hydrolyzabla poryee- 
tara, poryurethanes and pcrfyureas. 

20 

18. Aqueous suspension of tha mlcrobaOoona 
according to claims 1 or 2 for administration to 
patients* characterized in containing a concen- 
tration of about 10* to 10 1 ° microbe! loons/ml, this 
being etable for a period exceeding e month. 28 

17. A method for making air or gaa filed microbe*, 
loons uaabta aa auspenaiona ki a carrier liquid for 
orat rectal and urethral applications, or for Injec- 
tions into IMng organisms, this method compete- jo 
Ing the steps oft 

(1) emutsifying a hydrophobic organic phase 
into a water phase so as to obtain droplets of 
said hydrophobic phase ea an o#-4n-wster 
emission in said water phase; w 

(2) adding to said emulsion a solution of at 
least one ocfvmer in a voJatie s olvent inaon> 
Ms In tha water phaaa, ao thai a layer of said 
polymer wfl form eround said droplets; 

(3) evap o rat i ng eaJd vdatla solvent so that 40 
the poiytnerwsl dspcai by tntarfacieJ precipe 

- aww emu oa afoptecs wrecn men Term 
beads wtt a ocas of said hydrophobic phase 
aneapauJaM by a membrane of said polymer, 
aaidbeadabetogtoeuspensioninsaidweJw 45 

/<) subjecting said suspension to reduced 
pressure under conditions such that said 
sncspeuSatod hydrophobic phase be removed 
by evaporation? so 

characterized In that said hydrophobia 
phase is selected so that In step (4)1 evapo- 
rates aubatantiaOy simultaneously wth tha 
water phaaa and ia replaced by air or gaa, 
whereby dry, free flowing, ready dispersibta m 
mto o ba Ooona ere obtained, 

18. The method of daJm 17, in which said polymer is 



dissolved hi. said, hydrophobic phaaa, so that 
stops (2) end (3) can be omitted and the polymer 
membrane wffl form by Interracial predpitoten 
during stop (4). 

1a. The method of daim 17, characterized in that 
evaporation of said hydrophobic phase in step (4) 
is performed at a temperature where the partial 
vapour pressure of said hydrophobic phase is of 
the same order as that of water vapour* 

20. Tha method of daJm 17, in which said evapor- 
ation of step (4) is carried out under freeze-drying 

21. The method of daJm 20, (n which freeze-drytng ia 
effected at temperatures of from -40*C to CTC. 

22. The. method of daima 17 or 10, in which tha 
hydrophobic phase is selected from organic com- 
pounds having a vapour pressure of about 1 Torr 
at a temperature comprised in the interval of 
about -40*C to 0*0. 

23. The method of daima 17 or 18, in which tha 
aqueous phase comprises, dissolved, from about 
1 to 20% by weight of stabilizers comprising 
hydrophiic compound selected from sugars, 
PVA. PVP, gelatin, starch, dextran, polydextnoee, 
albumin and the Oca, 

21 Tha method of daJm 18, in which additives to con- 
trol the degree of permeablfty of the microbai* 
loons membrane ere added to the hydrophobic • 
phase, the rata of biodegradabfifty of the polymer 
after injecting the rracrobafloona Into living organ- 
isms being a function of said degree of permeabl* 
Ifty. 

28. Tha method of daim 24, in which the said addi- 
tives indues hydrophobic solids Ifce fata, waxes 
and high molecular weight hydrocarbons, the pre 
senoc of which in the membrsns polymer of the 
microbafloons wO reduce permeabeTty toward 
acjueous liquids. 

28L The method of dakn 24, in which the said add^ 
nves incmrjs ampnjpaDC compounoa iscs um 
phospholipids, or low molecular weight polymers, 
tha presence) of which In tha membrsns polymer 
wfl increase permaabUy of the microbeilciorie to 
aqueous liquids. 

27. ThernefJiodrfdaJm18,lnwhlchtta 

phase subjected to emuWffcetion in said water 
phase also contains s water-eoiubto servant 
which, upon being (fluted Into said water phaaa 
during ernuisificetion, wfl aid in reducing tha stzs 
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of droplets and Induct taterterfal predpSatfon of 
the polymer before step (4) to canted out 

28. A method fdr making air or gas fitted microbe^ 
loom usable as suspensions In a canter liquid tor 
oral* rectal and urethral appBcafiona, or for lnjeo» 
ttons Into iMng organfcma, this method comprsv 
ing the steps oft 

(1) emutoiying a hydrophobic organic phase 
Into a water phase so as to obtain droplets of 
said hydrophobic organic phase aa en o#Vkv 
water emuteten In said water phase, sate 
organic phase containing, dtoeoivad therein, 
ona or more watar-Jnaolublo polymers; 

(2) eubjcctmg sate emulsion to reduced press- 
ure under conditions such that eeid 
hydrophobic phase be removed by evapor- 
ation, whereby the polymer dissolved in the 
droplets wffl deposit InterfecteOy end form a 
polymer bounding membrane, the droplets 
being stauftaneousty converted to microbe!- 
loone, 

characterized In that said hydrophobic 
phase is selected so that in step (2) I evapo- 
rates eubetanttety simultaneously wth the 
water phase end, upon evaporation, la rep- 
laced by air orgaa, whereby the mJcrobaOoone 
obtained era In dry, free tewing end readty 
dtepersft>te form. 

2». The method of claim 28, In which the hydrophobic 
polymer solution phaaa subjected to emutefcV 
cation In said water phaae also contains a water- 
soluble oorvent which, upon being dluted Into 
said water phaae during enutefficatlon, wM aid In 
reducing the size of droplets and Induce Inter- 
facte! prestations of the polymer before step (2) 
b carried out 

30l The method of ctelm 28, In which said organic 
hydrophobic phaae ernutstfted In step (1) contains 
no polymer d teoo rv e d th e rei n, and before carry in g 
thro ugh ete p (2), the (Mowing addMonai steps 

(1a) addtog to eald emuteten a eorution of at 4$ 
least ona polymer In a votetfe eolvent tesoa> 
bteln the water phaae, ao that a layer of said 
pdymer wt form around said droplets; 
(1b) ev ap orat in g said votefle oorvent ao that 
theporvnwwfldepoetbyiritarfsctelprac^ as 
tstton around the droplets, thus farming micro- 
beOoons or beads with a core of eald 
hydrephobte phaaa sncapeuteted by a mem- 
brane of eald pofymer, eald beads bang In 
suspension In said water phaaa. whereby In 0 
step (2) ev ap or at ion of said hy drophobi c 
phase tefcee ptece through said membrane 
and provfdea ft wth aubatanttel micreporoety. 



31. An Injectable aqueous suspension of mfcrobaf- 
(oons containing 10M0 10 veoictes/mJ bounded by 
a membrane of Intarfectefly predptated DUeo- 
tide polymer defined by the commerc ia l name of 
Resomer. 
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